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? 

By James F. Campbell 
Langley Research Center 

An investigation was conducted i n  the Langley Unitary Plan wind tunnel at 
Mach numbers from 1.50 t o  2.86 t o  determine the effects  of variations i n  t i p -  
f i n  geometry on the s t a b i l i t y  character is t ics  of a manned l i f t i n g  entry vehicle, 
designated HL-10. The resul ts  of t h i s  investigation indicate that increasing 
the  toe-in angle of the t ip - f in  upper and lower panels combined or  just the 
t ip-f in  upper panel generally resulted i n  increases i n  the direct ional  s t a b i l i t y  
parameter and the effective dihedral throughout the test  angle-of-attack and 
Mach number ranges; the most important t ip - f in  geometric change, however, 
appeared t o  be that  of the lower panel. 
planform area produced substantial  increases i n  the directional s t a b i l i t y  param- 
e t e r  and i n  the effective dihedral parameter throughout the test angle-of- 
attack and Mach number ranges. 
lateral planform area had only minor e f fec ts  on the longitudinal character- 
i s t i c s  throughout the tes t  angle-of-attack and Mach ntrmber ranges. It was also 
shown that, although placement of the directional-control f l ap  on the outer 
surface of the  t ip - f in  upper panel proved t o  be an effective means of producing 
yawing-moment control w i t h  no corresponding ef fec ts  on longitudinal s t ab i l i t y ,  
there were s ignif icant  amounts of adverse ro l l ing  moment throughout the test 
angle-of-attack and Mach number ranges. 

Increasing the t ip - f in  upper-panel 

Varying t ip - f in  ro l l -out  and toe-in angles and 

INTRODUCTION 

Configurations having moderate l i f t -drag  r a t io s  (on the order of 1.0 at 
hypersonic speeds) are of considerable in t e re s t  f o r  future entry vehicles. How- 
ever, because these entry configurations are expected t o  operate over a wide 
range of angles of attack and Mach numbers during the entry mode, the attainment 
of adequate s t a b i l i t y  may be a c r i t i c a l  factor.  One of these configurations, 
designated HL-10, is  undergoing concentrated study at the NASA Langley Research 
Center (refs. 1 t o  7). These investigations have indicated tha t  the negative 
cembered EL-10 l i f t i n g  entry configuration m u s t  depend largely upon t ip - f in  
surfaces fo r  direct ional  s t a b i l i t y  at the  higher operational angles of a t tack 
i n  the supersonic and hypersonic speed regimes. Results (ref. 6 )  show that 
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directional instability occurs in a limited angle-of-attack range for this basic 
version of the HL-10 entry vehicle at low supersonic speeds. 

The present investigation was performed in order to determine the effects 
of variations in tip-fin geometry on the stability characteristics, and in par- 
ticular, the directional stability of a model of the HL-10 entry vehicle at 
Mach numbers from 1.50 to 2.86. The tests were performed in the Langley Unitary 
Plan wind tunnel at angles of attack from about 0' to 38' and at angles of side- 
slip from about -4' to 8O. The Reynolds number per foot (per 30.5 cm) for these 

6 tests was 1.6 x 10 . 

The lateral force and moment data are referred to the body-axis system and 
the longitudinal force and moment data are referred to the stability-axis sys- 
tem. 
length aft of the nose and at 1.25 percent of the body length below the body 
reference line. 

The reference center of moments was located at 53 percent of the body 

The units for the physical quantities used in this paper are presented 
both in U.S. Customary Units and in the International System of Units (SI). 
Factors relating the two systems are given in reference 8. 

body reference span, 10.310 in. (26.2 cm) 

body reference length, 16.000 in. (40.6 cm) 

lift-drag ratio, LL 
CD 

Lift lift coefficient, - 
qs 

drag coefficient, 

pitchlng-moment coefficient, Pitching moment 
clsz 

effective-dihedral parameter, Acz -, per deg 
4 3  

Yawing moment yawing-moment coefficient, 
ssb 
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directional-stability parameter, -, per deg 

Side force 
qs side-force coefficient, 

+ side-force parameter, -, per deg 
4 3  

free-stream Mach nmber 

free-stream dynamic pressure 

radius, in. (cm) 

reference planform area, 0.634 sq ft. (0.099 m2) 

planform area of tip-fin panel, sq in. (cm2) 

body-axis system 

coordinates defining model contours 

angle of attack of model referred to body-reference line, deg 

angle of sideslip of model referred to plane of symmetry, deg 

angle of aft lower surface of model in X-Z plane, 15' 

true toe-in angle of the tip fins (cp  = 0) in X-Y plane, deg 

roll-out angle of outside surface of tip fin; hinge line for roll-out 
of lower panel is in plane of lower surface of body, deg 

Subscripts: 

1 lower panel 

2 upper panel 

APPARATUS AND TESTS 

Wind Tunnel 

Tests were conducted in the low Mach number test section of the Langley 
Unitary Plan wind tunnel, which is a variable-pressure continuous-flow tunnel. 
"he test section is approximately 4 feet (1.22 m) square and 7 feet (2.13 m) 
long. 
type which permits a continuous variation in Mach number from about 1.5 to 2.9. 

The nozzle leading to the test section is of the asymmetric, sliding-block 
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Model 

Details of the 74' swept-leading-edge model are presented in figure 1 and 
ordinates defining the profile and cross-section shape of the model, in table I. 
The various tip-fin arrangements investigated are shown in figure 2, which 
illustrates the planform details when viewed perpendicular to each panel outer 
chord plane along with upper-panel hinge-line locations. 
characteristics projected on either the plane of symmetry or the longitudinal 
plane for the test arrangements may be obtained from the dimensions of figure 2 
by considerations of the angular orientation (table 11) of each panel in the 
horizontal and vertical planes. 
fin details is presented in table 11. Photographs of two configurations are 
shown in figure 3. 
deflection of 20° was provided on the outer surface of the left tip-fin (P2) 
upper panel (fig. 2). 

Tip-fin geometric 

A summary of the geometric variables and tip- 

A weQe simulating a directional-control flap having a 

Test Conditions 

1.50 
1.80 
2.16 
2.86 

The test conditions for the investigation were as follows: 

150 339 6.18 42.6 
150 339 6.78 46.8 
150 339 7.92 24.6 
150 339 ll- 39 78.5 

Stagnation Staguat i on 
temperature pres sure 

number 

The Reynolds number per foot (per 30.5 cm) was constant at 1.6 x lo6 for 
all test conditions. 
in order to amid condensation effects in the test section. The angle-of-attack 
range of the tests extended from about Oo to 38' and the angle-of-sideslip range 
from about -bo to 8O. 

The stagnation dewpoint was maintained at -30' F (239' K )  

Measurements 

Aerodynamic forces and moments were measured by six-component electrical 
strain-gage balance housed within the model. "he balance, in turn, was rigidly 
fastened to a sting support and thence to the tunnel support system. 

Accuracy 

The accuracy of the individual measured quantities, based on calibration 
and repaatability of data, is estimated to be within the following limits: 
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CD . . . . . . . . k0.001 
CL. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +-0.004 
cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0002 
& . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0004 

cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 0 0 1  

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.015 

Cn . . . . . . . . . +O.OOO2 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.10 
p, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.10 

Correct ions 

Angles of attack were corrected for tunnel-flow angularity. and angles of 
attack and sideslip were corrected for deflection of the balance and sting 
support due to aerodynamic loads . 
ured by the strain-gage balance with no adjustment made to relate drag  levels 
to a condition corresponding to free-stream static-pressure conditions at the 
model base . 

The drag data presented are the values meas- 

PRESENTATION OF RESULTS 

Results of the investigation of effects of tip-fin geometry on stability 
characteristics of a manned lifting entry vehicle are presented in the following 
figures : 

Schlieren photographs . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Basic lateral characteristics . 
Effect of P1 tip-fin toe-in angle . . . . . . . . . . . . . . . . . . .  5 
Effect of upper-panel toe-in angle . . . . . . . . . . . . . . . . . . .  6 
Effect of upper-panel planform area . . . . . . . . . . . . . . . . . . .  7 
Effect of upper-panel roll-out angle  . . . . . . . . . . . . . . . . . .  8 

Lateral parameters . 
Effect of P1 tip-fin toe-in angle . . . . . . . . . . . . . . . . . . .  9 
Effect of upper-panel toe-in angle . . . . . . . . . . . . . . . . . . .  10 
Effect of upper-panel planform area . . . . . . . . . . . . . . . . . . .  LL 
Effect of upper-panel roll-out angle . . . . . . . . . . . . . . . . . .  12 
Effect of left P2 tip-fin upper-panel control-surface 
deflection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

Longitudinal characteristics . 
f Effect of P1 tip-fin toe-in angle . . . . . . . . . . . . . . . . . . .  14 

Effect of upper-panel toe-in angle . . . . . . . . . . . . . . . . . . .  15 
Effect of upper-panel planform area . . . . . . . . . . . . . . . . . . .  16 
Effect of upper-panel roll-out angle . . . . . . . . . . . . . . . . . .  17 
Effect of P2 left tip-fin upper-panel control-surface 
deflection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
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DISCUSS ION 

Lateral Characteristics 

The basic aerodynamic character is t ics  i n  s ides l ip  at  Mach numbers 1.50 
and 2.86 are presented i n  order t o  indicate the effects  of t ip - f in  geometry on 
the l i nea r i ty  of the lateral coefficients at  an angle of a t tack i n  the v ic in i ty  
of minimum Cn (figs.  5 t o  8). Since the s ides l ip  parameters presented herein 

(f igs .  9 t o  1 2 )  were obtained from incremental differences between r e su l t s  Of 
tests made through the angle-of-attack range at fixed angles of s ides l ip  of 
about Oo and 5 O ,  the  l i nea r i ty  can a f fec t  the quantitative results. The basic 
l a t e r a l  coefficient results are re la t ive ly  l inear  up t o  a s ides l ip  angle at 5' 
at M = 2.86; however, some nonlinearit ies are  evident, par t icu lar ly  i n  yawing 
moment, at M = 1.50. It i s  be l i eved tha t  while the values of Cn a t  B 
M = 1.50 (figs. 9 t o  12) d i f f e r  from the slopes obtained at  ( f igs .  5 
t o  8), the t r e n d s  of the comparative curves are accurately defined. 

B 

B = 00 

Increasing the toe-in angle of the t ip-f in  upper and lower panels combined 
(f ig .  9 )  or  just the t i p - f in  upper panel ( f ig .  10) generally results i n  a posi- 
t i ve  increment i n  the direct ional  s t a b i l i t y  parameter throughout the test angle- 
of-attack and Mach number ranges. Comparison of the direct ional-s tabi l i ty  data 
of the two figures indicates t ha t  the most important geometric change affect ing 
the directional s t a b i l i t y  leve l  i s  tha t  of the lower panel. 
directional s t ab i l i t y  parameter are also realized by increasing the t ip - f in  
upper-panel planform area ( f ig .  11). It should be noted that ,  in the  v ic in i ty  
of the angle of a t tack at which minimum direct ional  s t a b i l i t y  occurs f o r  
M = 1.50, there appears t o  be a reversal i n  the general trends of 

B 
previously i n  figures 9 t o  11. 
not presently known. 

Increases i n  the 

Cn noted 

The reason f o r  these unexpected reversals is  

It is seen by comparison of the P2 and S t i p  f in s  ( f ig .  12) t ha t  
increasing the t ip - f in  upper-panel roll-out angle has a favorable e f f ec t  on the 
directional s t ab i l i t y  parameter and causes an increase i n  

test  angle-of-attack and Mach number ranges. The increased roll-out and toe-in 
angles associated with the T t i p - f in  configuration result i n  a substant ia l  
increase i n  the direct ional  s t a b i l i t y  l e v e l  over those corresponding t o  the P2 

at all and S t i p  f ins  at angles of a t tack i n  the v ic in i ty  of minimum 

test  Mach numbers. The character is t ic  of the T t i p  f i n s  t o  provide the  
highest l eve l  of direct ional  s t a b i l i t y  a t  angles of a t tack i n  the v ic in i ty  of 
minimum Cn holds t rue when these data are  compared with those of the  other 
t i p  f in s  tested, par t icular ly  a t  a Mach number of 1.50. 

throughout the 
cnB 

CnB 

B 

The tip-fin geometric changes tha t  improved the direct ional  s t a b i l i t y  
character is t ics  of these configurations a l so  caused an increase in  effect ive 

throughout the test  angle-of-attack and Mach number ranges. dihedral 

These r e su l t s  .are caused by the t ip - f in  or ientat ion aft  and above the model 
center of gravity. The T t i p  f i n s  provide the la rges t  amount of e f fec t ive  

P B  1 
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dihedral at angles of a t tack i n  the v ic in i ty  of minimum 
Mach number of 1.50. 

Cn , part icular ly  a t  a P 

Placement of the direct ional  f l a p  on the outer surface of the P2 l e f t  
t ip - f in  upper-panel is  an effective means of providing yawing moment f o r  direc- 
t i ona l  control at all t e s t  angles of  at tack and Mach numbers ( f ig .  13) although 
s ignif icant  amounts of adverse rol l ing moment were also induced. No cross 
e f fec ts  of t h i s  rudder f l ap  on the longitudinal character is t ics  were noted 
( f ig .  18). 

Longitudinal Characterist ics 

The e f fec ts  of increased toe-in angle of the Pl 
figure 1 4  as an increase i n  s tab i l i ty ,  an increase i n  
decrease i n  L/D a t  a l l  t e s t  Mach numbers. Although these e f fec ts  might be 
expected considering the orientation of the  lower and upper panel surfaces of 
the t i p  f i n  i n  a combined roll-out and toe-in configuration, the variation of 
the upper-panel toe-in angle alone ( f i g .  15) has no effect  on the longitudinal 
character is t ics .  
resu l t s  i n  increases i n  %rim. This e f fec t  of planform area essent ia l ly  dis-  
appears at the highest t e s t  Mach number. The results of increased upper-panel 
roll-out angle seen by comparing P2 and S t i p  f i n s  ( f ig .  17) show a s l igh t  
decrease i n  q r i m  with l i t t l e  or no e f fec t  on CD, L/D, or CL throughout 
the t e s t  Mach number range. The increase i n  roll-out and toe-in angles asso- 
ciated with the T t i p  f i n s  over those of the P2 and S t i p  f i n s  r e su l t s  i n  
lower values of artrim and a substantial  increase i n  s t ab i l i t y .  In addition, 
higher values of both CL and CD were obtained but the maximum values of 
L/D were l e s s .  

t i p  f ins  a re  seen i n  
CD, and a corresponding 

Increasing upper-panel planform area ( f ig .  16) primarily 

CONCLUSIONS 

Tests t o  determine the effects  of t i p - f in  geometry on the s t a b i l i t y  char- 
a c t e r i s t i c s  of a basic version of a m e d  l i f t i n g  entry vehicle, designated 
HL-10, a t  Mach numbers from 1.50 t o  2.86 indicated the following conclusions: 

1. Increasing the toe-in angle of t he  t i p - f in  upper and lower panels com- 
bined o r  j u s t  the t i p - f in  upper panel generally resulted i n  increases i n  the 
direct ional  s t a b i l i t y  parameter and the e f fec t ive  dihedral throughout the t e s t  
angle-of-attack and Mach number ranges; the most important t ip - f in  geometric 
change, however, appeared t o  be that  of the  lower panel. 

2. Increasing the t ip - f in  upper-panel planform area produced substant ia l  
increases i n  the direct ional  s t ab i l i t y  parameter and i n  the effect ive dihedral 
parameter throughout the test  angle-of-attack and Mach number ranges. 

3. Varying t i p - f in  roll-out and toe-in angles and l a t e r a l  planform area 
had only minor e f fec ts  on the longitudinal character is t ics  throughout the t e s t  
angle-of-attack and Mach number ranges. 
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4. Although placement of the directional-control flap on the outer surface 
of the tip-fin upper panel proved to be an effective means of producing yawing- 
moment control with no corresponding effects on longitudinal stability, there 
were significant amounts of adverse rolling moment throughout the test angle- 
of-attack and Mach number ranges. . 
Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., July 22, 1965. 
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TAaU I.- O R D I N A T E S  D E F I N I N G  CROSS-SECTIONAL SHAPE OF HL-10 WITHOUT TIP FINS . 
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TABU 11. - DEFINITION OF TIP-FIN GEOMETRIC PARAMETERS 
[hesented area i s  panel chord-plane area7 

Upper 

Lower 

panel 

panel 

Section A-A 

Upper panel I Lower panel 
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P3 t i p  f i n  L-64-2484 

R t i p  f i n  

~-64-2488 
NHuro 5 . -  Photographe of the t e s t  model mounted in the Langley Unitary Plan wind tunnel. 
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a = 0.30° a = 19.23O a = 37.97O 

a = -0.100 a = 16.35O 

M = 2.86 

Figure 4.- Schlieren photographs o f  t h e  t e s t  model with P1 t i p  f i n .  

a = 36.860 
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(a) M = 1.50. 

Figure 5.- Effect of P1 tip-fin toe-in angle On basic lateral characteristics 
Fn sideslip. a 719O. 
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(b) M = 2.86. 

Figure 5.- Concluded. 

17 



CY 

.01 

0 

C 1  

.01 

.02 



. 

(b) M = 2.86. 

Figure 6. - Concluded. 
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(a) M = 1.50. 

Figure 7 . -  Effect of upper-PSnel planform area (S2) on basic lateral  characteristics 
in sidesl ip.  u e 190. 



(b) M = 2.86. 

Figure 7.- Concluded. 
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(a) M = 1.50. 

Figure 8.- Effect of upper-panel roll-out angle (@2) on basic lateral characteristics 
in sideslip. a =  190. 
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(b) M = 2.86. 

Figure 8 .  - Concluded. 
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(a)  M = 1.50. 

Figure 9.- Effect of PI t ip - f in  toe-in angle on the  var ia t ion of the s ides l ip  
Parameters with angle of a t tack.  
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(b) M = 1.80. 

Figure 9.- Continued. 
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( c )  M = 2.16. 

Figure 9.- Continued. 
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(a) M = 2.86. 

Figure 9. - Concluded. 
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(a) M = 1.50. 

Figure 10.- Effect of upper-panel toe-in angle (€2) on the variation of the 
s ides l ip  parameters w i t h  angle of a t tack.  



(b) M = 1.80. 

Figure 10. - Continued. 
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( c )  M = 2.16. 

Figure 10.- Continued. 
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(d) M = 2.86. 

Figure 10.- Concluded. 



(a)  M = 1.50. 

Figure ll.- Effect of upper-panel planform area (S2) on the  var ia t ion of the 
s ides l ip  parameters with angle of a t tack.  
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(b) M = 1.80. 

Figure ll.- Continued. 
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( c )  M = 2.16. 

Figure ll.- Continued. 
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(a) M = 2.86. 

Figure 11. - Concluded. 
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(a) M = 1.50. 

Figure 12.- Effect of upper-panel roll-out angle (@,) on the variation of the 
sideslip parameters with angle of attack. 
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(b) M = 1.80. 

Figure 12. - Continued. 
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( c )  M = 2.16. 

Figure 12. - Cont hued. 
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(a) M = 2.86. 

Figure 12. - Concluded. 
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CY 

(a) M = 1.50. 

Figure 13.- Effect of P2 left tip-fin upper-panel control-surface deflection on the 
variation of the basic lateral characteristics with angle of attack. 
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CY 

(b) M = 1.80. 

Figure 13.- Continued. 
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CY 

( c )  M = 2.16. 

Figure 13.- Continued. 
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( d )  M = 2.86. 

Figure 13. - Concluded. 
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(a) M = 1.30. 

Figure 14.- Effect of P1 tip-fin toe-in angle on the variation of the longitudinal 
characteristics with angle of attack. 

.. 

44 



.. 

CL . 

(b) M = 1.80. 

Figure 14. - Continued . 
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( c )  M = 2.16. 

Figure 14. - Continued. 
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(a) M = 2.86. 

Figure 14.- Concluded. 
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(a) M = 1.50. 

Figure 15.- Effect of upper-panel toe-in angle (e2)  on the variation of the 
longitudinal characteristics with angle of attack. 
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(b) M = 1.80. 

Figure 15. - Continued . 
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( c )  M = 2.16. 

Figure 15.- Continued. 
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(d) M = 2.86. 

Figure 15. - Concluded. 
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(a) M = 1.50. 
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Figure 16.- Effect of upper-panel phnform area (S2) on the variation of the longitudinal 
characteristics with angle of attack. 
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(b) M = 1.80. 

Figure 16.- Continued. 
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(c) M = 2.16. 

Figure 16. - Continued. 
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(d)  M = 2.86. 

Figure 16. - Concluded. 
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(a) M = 1.50. 

Figure 17.- Effect of upper-panel roll-out angle (a2) on the variation of the 
longitudinal characteristics with angle of attack. 
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(b) M = 1.80. 

Figure 17. - Continued. 
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( c )  M = 2.16. 

Figure 17.- Continued. 
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(a )  M = 2.86. 

Figure 17.- Concluded. 
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(a) M = 1.50. 

Figure 18. - Effect of P2 left tip-fin upper-panel control-surface deflection on the 
variation of longitudinal characteristics Kith angle of attack. 
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(b) M = 1.80. 

Figure 18.- Continued. 
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( c )  M = 2.16. 

Figure 18. - Continued. 
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(a) M = 2.86. 

Figure 18. - Concluded. 
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